Exacerbations of chronic obstructive pulmonary disease (COPD) are characterised by acute worsening of dyspnoea, sometimes accompanied by cough and sputum production and increased sputum purulence. Exacerbations carry with them important clinical and economic consequences including lost work productivity, increased utilisation of health care resources, temporary or permanent reductions in lung function and exercise capacity, hospitalisation, and sometimes death. Significant unresolved controversies surround COPD exacerbations. Controversies can be broadly grouped into the following categories: 1) definition of exacerbations; 2) pathogenesis of exacerbations; 3) prediction of exacerbations and early intervention in individual patients; 4) the role of patient self-management and COPD action plans in treatment of exacerbations; and 5) use of antibiotics to treat outpatient exacerbations. This paper will review the current state of the art with respect to how we define, predict, and treat COPD exacerbations, along with controversies and challenges associated with optimal management of exacerbations. (BRN Rev. 2019;5(4):263-76)
INtrODUctION
Chronic obstructive pulmonary disease (COPD) is a chronic illness that may be periodically punctuated by acute worsening of symptoms characterised clinically by greater dyspnoea, cough and sputum production, and increased sputum purulence. These acute worsening of symptoms have been termed acute exacerbations of COPD (AECOPD). These exacerbations are common and carry with them important clinical and economic consequences including lost work productivity, acute declines in quality of life, temporary or permanent reductions in lung function and exercise capacity, hospitalisation, and sometimes death [1] [2] [3] [4] [5] [6] [7] .
Data from longitudinal studies of COPD cohorts has revealed that COPD exacerbations become more frequent as the severity of COPD progresses, and that a subgroup of patients may be prone to frequent exacerbations 8 . Similarly, data from administrative cohorts suggests that the first severe exacerbation requiring hospitalisation places patients with COPD at increased risk for future severe AECOPD and is associated with an increased risk of all-cause mortality 9 . Given the emerging clinical, economic and research importance of AECOPD, it is critical that exacerbations be rigorously defined and that exacerbation events be easily ascertained and appropriately treated in clinical practice.
The objective of this narrative review will be to discuss the current state of the art with respect to how we define, predict and treat COPD exacerbations. Both mild and moderate exacerbations of COPD that are self-treated or treated in outpatient settings by healthcare practitioners, and severe exacerbations of COPD that require inpatient treatment in hospital will be discussed. This review will explore current controversies around these topics. Controversies have been broadly grouped into the following categories: 1) definition of exacerbations; 2) pathogenesis of exacerbations; 3) prediction of exacerbations and early intervention in individual patients; 4) the role of patient self-management and COPD action plans in treatment of exacerbations; and 5) use of antibiotics to treat outpatient exacerbations. Relevant articles for this review were retrieved from the Medline and PubMed databases using the following search terms: "COPD exacerbation", "exacerbations of COPD", and "COPD exacerbation controversies". Abstracts were assessed for potential relevance to the topic and applicable articles were included in this review.
cONtrOVErsY #1-DEFINItION OF EXAcErbAtIONs
Despite the best efforts of clinicians and guideline committees, current definitions of exacerbations of COPD are imperfect and fraught with problems. The 2019 Global initiative for Obstructive Lung Disease (GOLD) definition of AECOPD defines an AECOPD as "an acute worsening of respiratory symptoms that results in additional therapy" 10 . Exacerbations are classified as: 1) "mild" if they are treated with short-acting bronchodilators only; 2) "moderate" if they are treated with short-acting bronchodilators plus antibiotics and/or oral corticosteroids; or 3) "severe" if the patient visits the emergency room or requires hospitalisation because of an exacerbation 11 . The problem with this definition is that "an acute worsening of respiratory symptoms" can be provoked by many conditions other than AECOPD. The current definition is nonspecific and a wide variety of cardio-pulmonary disorders, such as pneumonia, bronchiectasis, congestive heart failure, or pulmonary embolism 12 , can potentially mimic symptoms of AECOPD, and hence be mistakenly diagnosed as AECOPD.
Exacerbations can be defined using symptom-based or event-based definitions, or a combination of both. Symptom-based definitions rely on patient-reporting of worsening respiratory symptoms either to a healthcare practitioner or within a symptom diary. Typical symptoms of AECOPD would include worsening dyspnoea, cough, increased sputum volume or increased sputum purulence. In contrast, event-based definitions capture patients whose condition has changed enough to require a change in treatment 13 .
An obvious advantage of using a symptom-based definition is that symptoms are important and that they are the primary concern of the patient. Therefore, defining an exacerbation based on symptoms has clinical relevance to patients and to caregivers. A further advantage is that validated tools to capture symptom-based AECOPD's exist and include patient diary cards 14 and the EXACerbation of chronic pulmonary disease Tool (EXACT) 15 .
The disadvantages include the subjective nature of symptom-based definitions. In some cases, it is difficult for the patient and the clinician to decide if a patient's symptoms are "increased" more than usual 16 . In addition, numerous studies have shown that symptom-based AECOPDs often go unreported, leading to an under-estimation of patient exacerbation rates 17, 18 . Finally, paper-based diary cards and home-based symptom assessment tools are plagued by poor adherence and recall biases related to delays in entering symptoms (diary hoarding), thus leading to retrospective record entry and reduced data accuracy 19 . Use of electronic diaries, rather than paper-based methods, may allow for daily prompting of patients and may help to alleviate delays in data entry 19 .
Event-based definitions circumvent the problems associated with identifying a group of symptoms by simply capturing patients whose condition has changed enough to require a change in treatment or hospitalisation. Advantages include that event-based definitions capture exacerbations that are more clinically important compared to pure symptom-based definitions. These exacerbations are also associated with direct healthcare costs in the form of additional medications and physician visits or hospitalisations and are therefore useful for economic analyses 20 . Disadvantages include that event-based definitions can be confounded by patient socioeconomic status, geography, and access to healthcare resources. Patients with limited access to healthcare resources, whether because of geographic isolation, immobility, or poverty, will necessarily experience fewer events 21 . This issue also confounds measurement and definition of severe exacerbations requiring hospital admission. The decision to admit a patient to hospital to treat a COPD exacerbation can be influenced by multiple subjective elements from both patient and doctor as well as structural elements, including socioeconomic status of the patient, existing patient home support systems, and the health system profile. This coexisting controversy imbricates and modulates the problem of variability in defining a severe AECOPD.
towards an improved definition of acute exacerbations Current definitions of exacerbations of COPD are limited by the subjective nature of symptoms used to define their occurrence, the non-specificity of symptoms for pulmonary versus cardiac origin, patient non-reporting of exacerbation events to their healthcare providers, and the variable response of clinicians to the patient's report of symptoms. Within this manuscript, the term AECOPD is used to describe an increase in respiratory symptoms in patients with COPD. The lack of an objective biomarker that indicates the onset of the event as well as its severity and prognosis is a major problem with the current definition of exacerbation. There is a need to develop a new, easy to use, and objective definition of exacerbation that incorporates symptom change with biomarker characterisation. If symptoms of AECOPD could be combined with sensitive and specific biomarkers for AECOPD, then diagnosis would become less subjective and hence more reliable. It is important to note that a variety of different cardiopulmonary disorders can cause worsening of respiratory symptoms in a patient with COPD. If these other cardio-pulmonary disorders (e.g., thromboembolism, pneumonia, acute congestive heart failure) are detected and thought to have primarily caused the patient's acute respiratory deterioration, then this patient would not be considered to be suffering from an AECOPD, and instead be diagnosed as having respiratory decompensation from acute pulmonary embolism, for example. Sometimes this distinction can be difficult, since in many cases it is possible that multiple different mechanisms may act simultaneously to cause dyspnoea in an individual patient with COPD. Figure 1 depicts a flow diagram describing a suggested clinical approach to suspected COPD exacerbations. The necessary investigations needed to confirm a diagnosis of COPD exacerbation, as well as investigations needed to rule out alternative diagnoses are provided. This new definition and grading system have been adapted and refined from a "precision medicine" proposal advanced by Agusti et al. 22 and from a paper by Celli et al. 23 describing grading COPD clinical states. Newer evidence generated by Bafadhel et al. 24 and Noell et al. 25 has been incorporated into the definition. According to the new proposed definition, the clinical hallmarks of COPD exacerbation are increased dyspnoea (≥ 5 using a 0-10 scale), sometimes but not necessarily accompanied by increased cough, sputum volume, or sputum purulence. Laboratory evidence necessary to confirm a COPD exacerbation include: oxygen desaturation ≤ 4% below that of stable state, elevated C-reactive protein (CRP) (≥ 3 mg/L) and circulating blood neutrophilia (≥ 9000 neutrophils/mm) or circulating blood eosinophilia (≥ 2% blood eosinophils). Other aetiologies of respiratory decompensation should be ruled out by obtaining a chest radiograph to exclude pneumonia or pleural effusion/pneumothorax and by measuring B-type natriuretic peptide (BNP) and troponin to help rule out congestive heart failure or myocardial ischaemia.
Although this proposed definition for COPD exacerbation appears to be more specific than what currently exists, the latter definition for AECOPD and diagnostic approach to AECOPD outlined in figure 1 needs to be validated in prospective clinical studies.
cONtrOVErsY #2-PAtHOGENEsIs

OF EXAcErbAtIONs
Determining the aetiology of an exacerbation of COPD is difficult and the topic remains controversial. The exacerbations are caused by complex interactions between the host, respiratory viruses, and airway bacteria, leading to an increase in the inflammatory burden within the airway 6, 26 . Studies of COPD exacerbation suggest that airway neutrophils, as well as systemic and local mediators of inflammation including interleukin (IL)-8 and tumour necrosis factor (TNF)-alpha increase during AECOPD compared to the stable state 6, 27 . Migration and activation of neutrophils within the airway leads to release of proteases and reactive oxygen species which further damages the airway epithelium and leads to worsening of airway inflammation and airflow limitation ( Fig. 2 
). A minority
Patient presenting with acute worsening of dyspnoea which may also be accompanied by increases in:
• Cough and/or • Sputum purulence and/or • Sputum volume Perform a history and physical exam.
Then complete workup to determine if patient fulfills necessary criteria for COPD exacerbation:
1) Assess dyspnoea: VAS ≥ 5 on an analogue visual score that ranges from 0 to 10)
2) Assess oxygen saturation: of exacerbations are associated with airway and sputum eosinophilia 24, 28 .
Exacerbations of COPD are accompanied by changes in airway physiology that induce dyspnoea 29 . A clinical study suggested that patients experience acute worsening of airflow limitation accompanied by acute lung hyperinflation at the time of a moderate AECOPD 30 . At recovery, 60 days after the initial onset of exacerbation, there was significant improvement in inspiratory capacity and forced expiratory flow in one second (FEV 1 ) by 18% above exacerbation values, accompanied by a decrease in gas trapping (residual volume) by 11%. Improvements in dyspnoea following AECOPD were significantly correlated with reduction in lung hyperinflation and consequent increase in expiratory flow rates, suggesting that dyspnoea during AECOPD is likely partially mediated by dynamic hyperinflation that occurs in response to airflow limitation associated with AECOPD events 30 (Fig. 3) .
In general, viral and bacterial infections are the most important triggers of exacerbations [31] [32] [33] . A review of 24 studies of viral infections in COPD exacerbations (from 2001 to 2015) showed virus detection rates in respiratory specimens of 22-64% 34 . Studies also suggest that AECOPD are often associated with the isolation of new strains of airway bacteria, with an accompanying host inflammatory response to these new strains 31, 35 . Respiratory bacteria and viruses often act in combination 36 ; studies of experimentally induced rhinovirus infection in patients with COPD suggest that airway bacterial super-infection commonly follows acute rhinovirus infection and that infection with both viruses and bacteria can exert a synergistic inflammatory effect 37 . Co-infection with viruses and bacteria has been detected in 25% of exacerbations and is associated with more severe functional impairment and longer hospitalisations 38 . Molecular techniques, including multiplex Polymerase Chain Reaction (PCR) have allowed investigators to more sensitively detect acute viral respiratory tract infections causing AECOPD, however in approximately one-third of severe exacerbations a specific infectious or environmental aetiology cannot be identified 39 . In some cases, environmental factors such as air pollution may trigger respiratory deterioration and exacerbation of COPD 40 .
Investigations using cluster analysis suggest that exacerbations can be grouped into four categories: bacterial, viral, eosinophilic-predominant, and a fourth category associated with limited changes in the inflammatory profile termed "pauciinflammatory" 24 . Each of these clusters is associated with a biomarker, suggesting that biomarkers may become useful to categorise AECOPD aetiology.
Recent attention has been placed on using alternative biomarkers to phenotype AECOPD. Procalcitonin, the prohormone of calcitonin, is released in different tissues in response to bacterial, but not viral, infections or nonspecific inflammation 41 . For this reason, procalcitonin can theoretically be used as a biomarker to help differentiate between AECOPD caused by bacteria and exacerbations due to other aetiologies 42 . A recent meta-analysis of eight trials evaluating 1062 patients with AECOPD demonstrated that procalcitonin-based protocols could decrease antibiotic prescription for AECOPD (rate ratio [RR] 0.56, 95% confidence interval [CI] 0.43-0.73) without adversely affecting clinical outcomes such as rate of treatment failure, length of hospitalisation, exacerbation recurrence rate or mortality 43 . Similarly, newer technologies such as the electronic nose, which detects volatile organic compounds in exhaled air that are associated with bacterial airway infection, may also help distinguish AECOPD due to bacterial infection from those without infection 44 .
cONtrOVErsY #3-PrEDIctION OF EXAcErbAtIONs AND EArLY INtErVENtION IN INDIVIDUAL PAtIENts
Prospective studies have shown that the most important risk factor for future exacerbations is a patient history of prior exacerbations 45 . Data from longitudinal studies of COPD cohorts has revealed that AECOPDs become more frequent as the severity of COPD progresses 46 , and that risk factors for exacerbations include low baseline lung function, increased symptom burden, radiographic evidence of emphysema, and a history of chronic bronchitis 8, 45, 47 . Similarly, data from administrative cohorts suggests that the first severe exacerbation requiring hospitalisation places patients with COPD at increased risk for future severe AECOPD and is associated with an increased risk of all-cause mortality 9, 48 .
Several studies of the "frequent exacerbator" phenotype have been published recently. Although the frequent exacerbator may be responsible for a significant proportion of healthcare utilization in COPD, the true prevalence of this phenotype is not clear. In the Evaluation of COPD Longitudinally to Identify Predictive Surrogate Endpoints (ECLIPSE) study, a history of previous exacerbations was the greatest risk factor for future exacerbations 45 . However, of those with two or more exacerbations in the year prior to enrolment, only 58% had frequent exacerbations in year 1, and only 60% of those with frequent exacerbations in year 1 had frequent exacerbations in year 2. Thus, it appears that the phenotype of the "frequent exacerbator" can vary year to year and does not necessarily convey a strong positive predictive value for future events. Recent literature has also revealed that the "frequent exacerbator" phenotype is not quite as common as once believed. In the SubPopulations and InteRmediate Outcome Measures In COPD Study (SPIROMICS) cohort, only 82 of 1105 subjects (7%) had at least one exacerbation per year during three years of follow-up, and only 23 (2%) had two or more exacerbations per year 8 .
A topic that deserves further attention is whether we can detect exacerbations early, and whether early detection and treatment can improve outcomes. Studies suggest that prompt therapy of AECOPD is associated with quicker recovery time. Wilkinson et al. 49 showed that the length of delay (in days) between onset of AECOPD and treatment was associated with longer symptom recovery time back to baseline. Chandra et al. 50 showed that a delay of > 24 hours from time of onset of AECOPD symptoms until emergency department (ED) presentation was associated with a 2.3-fold increased risk of need for hospital admission. These observational studies suggest that the earlier we treat AECOPD, the better the clinical outcomes.
A major hurdle to early detection of AECOPDs is that blood and plasma laboratory biomarkers of exacerbation are not sensitive or specific to predict AECOPD 6, 51 , and home monitoring of peak expiratory flow rates correlates poorly with event-based exacerbations 52 . The possibility of newer technologies such as activity and heart rate monitors, portable continuous pulse oximeters, and telemedicine as tools to help identify symptoms and signs that herald an impending exacerbation holds promise and is being investigated in multiple studies. However, at present, home measurement of daily symptom scores remains the gold standard to establish an exacerbation event. Studies using home diary card data have defined an exacerbation as the first of two or more consecutive days on which the patient records two or more new or worsening respiratory symptoms 53 . Unfortunately, diary card recording of daily respiratory symptoms may produce false-positive signals. A study by Aaron et al. 54 showed that 55% of respiratory deteriorations are transient and do not result in AECOPD. The same study showed that in 1115 of 1995 COPD exacerbations (56%) recorded using home diary cards the onset of exacerbation was sudden and the exacerbation threshold was crossed on the same day respiratory symptoms began 54 . This suggests that prediction of exacerbation events and institution of early treatment in an outpatient setting may be difficult since in many cases patients do not exhibit gradual warning signs of exacerbation, and they may have difficulty accessing healthcare professionals in a timely fashion once a full-blown exacerbation is upon them. Given this, investigators have concentrated on action plans and home self-management of AECOPD to improve the timeliness of access of patients to AECOPD therapies.
cONtrOVErsY #4-tHE rOLE OF PAtIENt sELF-MANAGEMENt AND ActION PLANs IN trEAtMENt OF EXAcErbAtIONs
A 2017 Cochrane review 55 studied 22 clinical trials focused on self-management of AECOPD. Each of the included trials compared interventions that included an action plan for AECOPD against usual care. The review found that selfmanagement intervention strategies in patients with COPD was associated with improved health-related quality of life as measured by the St. George's Respiratory Questionnaire (SGRQ). Over 12 months, there was a statistically significant beneficial effect of self-management interventions with action plans on Health-Related Quality of Life (HRQoL), as measured by the SGRQ total score, with a mean difference from usual care of -2.69 points (95% CI -4.49 to -0.90). Patients assigned to self-management with an action plan had a statistically significant lower risk for at least one respiratory-related hospital admission compared with participants who received usual care (odds ratio [OR] 0.69, 95% CI 0.51 to 0.94). There was no statistically significant effect observed from self-management on the number of COPD exacerbations and no difference in all-cause mortality observed (risk difference 0.19%, 95% CI -2.3% to 2.6%). However, an exploratory analysis showed a very small, but significantly higher respiratory-related mortality rate in the self-management intervention group compared to the usual care group (risk difference 2.8%, 95% CI 0.49% to 5.1%) 55, 56 .
This exposes the controversy, could AECOPD action plans possibly be dangerous for some patients? A trial by Fan et al. 57 randomised 426 patients with COPD from Veteran's Affairs (VA) hospital-based outpatient clinics to either usual care or a self-management intervention consisting of a) an educational programme; b) written action plans and prescriptions for AECOPD management (antibiotics and/or steroids to be used at home); and c) access to case managers by phone 57 . The primary outcome was hospitalisations for COPD. The study was terminated early by the Data Safety Monitoring Board because of excess mortality seen in the intervention group. Although no differences were seen in the time to first hospitalisation for AECOPD, a significant difference in overall survival was seen in favour of the usual care arm (hazard ratio [HR] = 3.00, 95% CI 1.46 -6.17). Twenty-eight deaths (17%) occurred in the comprehensive care management group compared with 10 deaths (7%) in the usual care group (p = 0.003) 57 .
Why would disease self-management with institution of an AECOPD action plan for home treatment put patients potentially at risk? The first potential risk of self-management action plans is that patients may mistake simple variations in day-to-day symptoms for an exacerbation, and this may result in unnecessary exposure to therapy. A previous study showed that 55% of respiratory deteriorations are transient and do not result in AECOPD 54 . If patients overuse antibiotics and oral steroids for transient respiratory deteriorations, then the side effects associated with treatment could cause harm. Results from the Fan study 57 suggest this could possibly be a factor; patients in the self-management arm had the same rate of AECOPD as those in the usual care arm, however they were statistically more likely to use oral steroids than those in the usual care arm (RR for oral steroid usage 1.25, 95% CI 1.05 to 1.48).
A second potential risk of self-management with action plans is that patients may treat themselves at home and delay seeking medical attention for respiratory symptoms. Delays in seeking medical attention may occur because self-treatment may provide a false sense of security, causing a delay in seeking care for a COPD exacerbation or other comorbid conditions as heart failure. There are data to support the idea that patients in the Fan trial that showed increased mortality did not self-manage appropriately 58 . Only 4.5% of these patients called in to the care managers before starting treatment for their exacerbation, and the time to initiation of antibiotics or steroids was unsatisfactorily long. The reasons for a higher mortality will likely never be known, but it is possible that these high-risk patients may have needed earlier assessment by a trained professional, or that self-management led to overconfidence and treatment delays 58 .
Finally, it should be noted that the findings from the Fan trial differ from other trials that evaluated similar interventions in similar COPD populations. Bourbeau et al. 59 conducted a randomised trial of self-management in 181 patients with COPD, all of whom had been hospitalised in the previous year. The intervention included seven to eight weekly educational sessions in the patient's home, an action plan, and a case manager who made monthly calls for a year. During the one-year follow-up, they found a 40% reduction in COPD hospitalisations in the intervention group, with nine (9.5%) deaths in the usual care group and five (5.2%) deaths in the intervention group. A similar study by Rice et al. 60 evaluated self-management in 743 patients with COPD at 5 VA medical centres. As with the Bourbeau trial, the intervention included an action plan and a case manager who made monthly telephone calls for a year. The intervention differed principally in that the initial educational program was condensed to a single 1-to 1.5-hour on-site session. The investigators found a 41% reduction in the composite primary outcome of COPD-related hospitalisations or ED visits in the intervention group. Forty-eight (12.9%) deaths occurred in the usual care group versus 36 (9.7%) in the intervention group 60 .
In summary, an integrated COPD self-management strategy comprised of patient education, an action plan, and access to a case manager seems to decrease respiratory related hospitalisations. There do not appear to be any mortality benefits associated with this strategy. Respiratory-related mortality may be slightly higher in the self-management group, possibly because some patients being treated with self-management strategies delay seeking medical attention for respiratory deteriorations.
cONtrOVErsY #5-UsE OF ANtIbIOtIcs tO trEAt OUtPAtIENt EXAcErbAtIONs
The role of antibiotics for treatment of moderate exacerbations in the outpatient setting remains controversial. The first trial of antibiotics for outpatient COPD exacerbations was done in 1987 by Anthonisen et al. 61 . This study showed a higher 21-day symptom resolution rate after treatment with doxycycline, co-trimoxazole, or amoxicillin. The beneficial effect of antibiotics was more pronounced in patients with increased dyspnoea, sputum volume, and sputum purulence. Subsequently a trial by Llor et al. 62 , published in 2012, showed higher clinical resolution and longer time to next exacerbation with amoxicillin and clavulanate than with placebo. A total of 74% of patients treated with amoxicillin/clavulanate versus 60% treated with placebo were considered cured after 9-11 days of treatment (difference, 14.2%; 95% CI, 3.7-24.3).
In contrast, a recently published trial by van Velzen et al. 63 used doxycline for seven days to treat outpatient AECOPD and failed to show obvious benefits. All patients in this trial received a 10-day course of oral corticosteroids. Median time to the next exacerbation was 148 days (95% CI 95-200) in the doxycycline group and 161 days (118-211) in the placebo group (p = 0·91). A secondary outcome measure was treatment non-response at day 21, defined as absence of improvement in patient-reported respiratory symptoms, prescription of open-label antibiotics or a new course of oral corticosteroids, admission to hospital for an exacerbation, or death. 32 (21%) of 150 patients had not responded to doxycycline by day 21 compared with 46 (31%) of 151 in the placebo group (p = 0.07) 63 .
Although the study by van Velzen et al. did not definitively show that treatment non-response was superior in those treated with doxycline, the study was likely underpowered to examine treatment non-response at 21 days as the p value of 0.07 was marginally non-significant. A recent Cochrane systematic review 55 showed that in outpatients, treatment non-response one month after treatment initiation was not different between patients receiving antibiotics or placebo, with a RR of 0.80 (95% CI 0.63-1.01). However, if the results from the study by van Velzen et al. are added to those from this systematic review, the overall power of the aggregated studies is improved, and shortterm treatment non-response is significantly lower in the antibiotic group than in the placebo group, with a RR of 0.77 (0.63-0.94; p = 0.01) 64 .
Sputum purulence has been highlighted as a biomarker that may predict better response to antibiotic therapy for AECOPDs 65 . Although no difference in treatment non-response was noted in the study by van Velzen et al. between patients with and without sputum purulence, the study was also probably underpowered to examine this subgroup. Therefore, although findings from this trial suggest that antibiotics (doxycline) added to oral steroids for treatment of outpatient AECOPD do not prolong time to next exacerbation, the trial findings actually lend support to the role of antibiotics in hastening symptom resolution, especially when analysed in the context of results from past clinical trials 64 .
A recently published American Thoracis Society (ATS)/European Respiratory Society (ERS) guideline on management of AECOPD conducted a pooled analysis of several trials and found that antibiotic therapy decreased treatment failure (27.9% versus 42.2%; RR 0.67, 95% CI 0.51-0.87) 66 . The guideline also found that antibiotics prolonged the time to the next exacerbation (difference of medians 73 days, p = 0.015). The guideline authors concluded that antibiotic therapy reduced the risk of treatment failure and increased the time between AECOPD. However, the guideline noted that 58% of patients in the placebo group avoided treatment failure, suggesting that not all exacerbations require treatment with antibiotics. Identifying sensitive and specific biomarkers of bacterial infection (such as pro-calcitonin, or others) may eventually allow more precise determination of which patients with exacerbations will benefit from antibiotic therapy.
cONcLUsIONs This review has described the current state of the art with respect to how we define, predict, and treat COPD exacerbations. Several controversies and challenges associated with optimal diagnosis and management of exacerbations have been discussed. The current diagnostic criteria for COPD exacerbations are non-specific and need to be refined, as suggested in this review. Hopefully in the future, phenotyping of AECOPD can be advanced, and biomarkers can be discovered, so that the aetiology, and subsequent early treatment of AECOPD can be optimised and personalised. In the meantime, a review of the literature suggests that an integrated COPD self-management strategy comprised of patient education, an action plan, and access to a case manager may lead to earlier therapy for exacerbations and that this strategy decreases respiratory-related hospitalizations. Outpatient therapy for exacerbations should include empiric antibiotic therapy, since antibiotics can reduce the risk of treatment failure.
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